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(54) Hybrid alignment type liquid crystal display with multi-domain structure 



(57) A liquid crystal display having: a pair of sub- 
strates (11) disposed parallel and having a predeter- 
mined gap therebetween; a liquid crystal layer (30) 
sandwiched between the pair of substrates and contain- 
ing liquid crystal molecules; electrodes (12) formed on 
the opposing surfaces of the pair of substrates for ap- 
plying an electric field to the liquid crystal layer for each 
pixel; a first alignment film (13a) formed on the opposing 
surface of one of the pair of substrates and covering one 
electrodes, the first alignment film aligning the liquid 



crystal molecules in the direction generally vertical to 
the substrate plane; and a second alignment film (13b) 
formed on the opposing surface of the other of the pair 
of substrates and covering the other electrodes, the sec- 
ond alignment film aligning the liquid crystal molecules 
in the direction generally parallel to the substrate plane 
and giving a pre-tilt to the liquid crystal molecules, an 
area correspondingjo each pixel of the second align- 
ment film being divided into a plurality of domains each 
having a single easy direction, and at least two domains 
in the pixel area having different easy directions. 



FIG. 3B 
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Description 

BACKGROUND OF THE INVENTION 

a) Field of the Invention s 

The present invention relates to a liquid crystal dis- 
play and more particularly to a liquid crystal display 
whose liquid crystal layer has a hybrid alignment. 

b) Description of the Related Art 

A molecule alignment of a liquid crystal layer of a 
liquid crystal display is changed to a different molecule 
alignment by an external action such as an external 
electric field. This optical change caused by the mole- 
cule alignment is recognized as a change in visual 
sense. 

In order to form a particular alignment state of liquid 
crystal molecules, it is common that the surfaces of 
glass substrates between which liquid crystals are filled 
are subjected to an alignment process. For conventional 
twist nematic (TN) type liquid crystal displays, a so- 
called rubbing method has been used as the alignment 
process by which glass substrates sandwiching liquid 
crystals are rubbed in one direction with cotton cloth or 
the like. 

For the manufacture of TN type liquid crystal dis- 
plays whose molecules twist by 90 degrees between the 
two substrates, the rubbing direction of one substrate is 
made perpendicular to that of the other substrate. 

As shown in Fig. 1 3, as an alignment film 1 00 is sub- 
jected to a rubbing process, a liquid crystal molecule 1 01 
on the alignment film 100 has a pre-tilt with a pre-tilt an- 
gle e t . In this specification, the direction of a vector 103 
which is a vertical projection on the substrate of a vector 
102 which points from one end of the liquid crystal mol- 
ecule 101 on the substrate side toward the other rising 
end, is called an easy direction, and the angle between 
the substrate plane and the vector 102 is called a pre- 
tilt angle. 

The easy direction of the molecule is generally par- 
allel to the rubbing direction indicated by an arrow 104. 
Therefore, if the rubbing direction is unidirectional, the 
easy direction of the liquid crystal molecules on the 
alignment film is also unidirectional. 

As a voltage is applied to a TN type liquid crystal 
display, liquid crystal molecules tilt in the direction of ris- 
ing the pre-tilted rising end. If the easy direction of liquid 
crystal molecules is unidirectional, the rising directions 
of liquid crystal molecules are the same. 

The measured visual angle characteristics of a con- 
ventional TN type liquid crystal display have therefore a 
visual angle area with high contrast shifted to a particu- 
lar angle area. Namely, this liquid crystal display has the 
visual angle dependency that an image on the display 
is easy to recognize in one direction and is difficult in 
another direction. The TN type liquid crystal display hav- 
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ing such visual angle dependency has a very low con- 
trast at viewed a certain angle relative to the display 
screen, and highlight and shadow on the display screen 
are reversed at the worst. This reversal is likely to occur 
particularly in half tone representation. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
liquid crystal display having good visual angle charac- 
teristics. 

According to one aspect of the present invention, 
there is provided a liquid crystal display comprising: a 
pair of substrates disposed parallel and having a gap 
therebetween; a liquid crystal layer sandwiched be- 
tween the pair of substrates and containing liquid crystal 
molecules; electrodes respectively formed on surfaces 
facing each other of the pair of substrates for applying 
an electric field to the liquid crystal layer for each pixel; 
a first alignment film formed on the surface of one of the 
pair of substrates and covering one electrodes, the first 
alignment film aligning the liquid crystal molecules in the 
direction generally vertical to the substrate plane; and a 
second alignment film formed on the surface of the other 
of the pair of substrates and covering the other elec- 
trodes, the second alignment film aligning the liquid 
crystal molecules in the direction generally parallel to 
the substrate plane and giving a pre-tilt to the liquid crys- 
tal molecules, an area corresponding to each pixel on 
the second alignment film being divided into a plurality 
of domains each having a single easy direction, and at 
least two domains in the pixel area having different easy 
directions. 

The second alignment film has a plurality of easy 
directions for each pixel area so that the visual angle 
dependency can be reduced. Since the alignment ot liq- 
uid crystal molecules is set to have the structure that the 
alignment direction is generally vertical on one substrate 
side, and generally parallel to the substrate plane on the 
other substrate side, and a liquid crystal molecule at the 
center of the liquid crystal cell can be given a pre-tilt an- 
gle even when a voltage is not applied to the liquid crys- 
tal cell. A tilt angle caused by inductive deformation can 
be imparted to a liquid crystal molecule without any par- 
ticular threshold value of the applied voltage. 

A hybrid alignment type liquid crystal display having 
a plurality of domains with different easy directions for 
each pixel gives a fast response speed and a small vis- 
ual angle dependency, as compared to a conventional 
TN type liquid crystal display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1B are cross sectional views illustrat- 
ing manufacture processes for a liquid crystal cell ac- 
cording to a first embodiment. 

Figs. 2A to 2D are perspective views of a substrate 
illustrating an alignment process according to the first 
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embodiment. 

Figs. 3A and 3B are cross sectional views of a liquid 
crystal cell illustrating manufacture processes accord- 
ing to the first embodiment. 

Fig. 4 is a perspective view showing the structure 
of a liquid crystal display according to the first embodi- 
ment. 

Figs. 5A and 5B are respectively graphs showing 
the electrooptical characteristics and visual angle char- 
acteristics of the liquid crystal display according to the 
first embodiment. 

Figs. 6A to 6J are plan views of pixel areas showing 
examples of alignment patterns for a single pixel area 
according to the first embodiment. 

Fig. 7 is a perspective view showing the structure 
of a liquid crystal display according to a second embod- 
iment. 

Figs. 8A and 8B are respectively graphs showing 
the electrooptical characteristics and visual angle char- 
acteristics of the liquid crystal display according to the 
second embodiment. 

Figs. 9A and 9B are respectively graphs showing 
the electrooptical characteristics and visual angle char- 
acteristics of a liquid crystal display according to a third 
embodiment. 

Fig. 10 is a perspective view showing the structure 
of a liquid crystal display according to a fourth embodi- 
ment. 

Figs. 11 A and 11 B are graphs showing the elec- 
trooptical characteristics and visual angle characteris- 
tics of the liquid crystal display according to the fourth 
embodiment. 

Fig. 12 is a perspective view showing the structure 
of a liquid crystal display according to a fifth embodi- 
ment. 

Fig. 13 is a schematic diagram showing a liquid 
crystal molecule pre-tilted by a rubbing process. 

Fig. 14 is a cross sectional view of a liquid crystal 
cell of a hybrid alignment type liquid crystal display. 

. Figs. 15A and 15B are cross sectional views of a 
liquid crystal cell of a hybrid alignment type liquid crystal 
display, illustrating the alignment state of liquid crystal 
molecules with the display being turned on and off re- 
spectively. 

Figs. 1 6A and 1 6B are graphs showing a change in 
the tilt angle of liquid crystal molecules of a TN type liq- 
uid crystal display and a hybrid alignment type liquid 
crystal display respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 14 is a cross sectional view of a liquid crystal 
cell of a hybrid alignment type liquid crystal display. An 
electrode 112a is formed on one substrate 111a, and on 
which electrode 1 1 2a an alignment film 1 1 3a is formed. 
The alignment film 11 3a aligns liquid crystal molecules 
in contact with the alignment film 113a generally in the 



direction vertical to the substrate plane. Another align- 
ment film 113b above the other substrate 111b with an 
electrode 112b aligns liquid crystal molecules generally 
parallel to the substrate plane. Therefore, as shown in 
s Fig. 14, liquid crystal molecules between the upper and 
lower substrates continuously change their alignment 
states from the vertical alignment state at the surface of 
the alignment film 113a to the parallel alignment state 
at the surface of the alignment film 113b. 

Similar to a homeotropic alignment type liquid crys- 
tal display and other displays, a hybrid alignment type 
liquid crystal display utilizes for display a change in a 
birefringence index to be caused by a change in a tilt 
angle of each liquid crystal molecule relative to a normal 
to the substrate, upon application of a voltage. 

Similar to a conventional TN type liquid crystal dis- 
play a hybrid alignment type liquid crystal display is also 
associated with an issue of visual sense dependency. A 
rubbing process is generally performed for an alignment 
film, liquid crystal molecules on which are aligned par- 
allel to the substrate plane. In this case, the rubbing di- 
rection is unidirectional so that the easy direction of liq- 
uid crystal molecules also becomes unidirectional. 

The novel structure of a hybrid alignment type liquid 
crystal display with good visual angle characteristics 
and the manufacture method therefor will be described 
with reference to preferred embodiments. 

A hybrid alignment type liquid crystal display of the 
first embodiment will be described with reference to 
Figs. 1Ato5. 

First, a manufacture method for a liquid crystal cell 
will be described with reference to Figs.lA to 3B. As 
shown in Figs. 1 A and 1 B, on the surfaces of glass sub- 
strates 11a and 11b, line-shaped electrodes 12a and 
12b of a simple matrix type were formed. The electrode 
12a shown in Fig. 1 A extends in the lateral direction of 
Fig. 1 A, and the electrode 12b shown in Fig. 1 B extends 
in the direction vertical to the drawing sheet. 

Electrode of an active matrix type with driving ele- 
ments may be. formed.. I n.:th is case, an electrode con- 
nected to elements such as a TFT (thin film transistor) 
and a MIM (metal insulator metal) is formed for each 
pixel on the side of one substrate, and a plane electrode 
or line-shaped electrodes are formed on the side of the 
other substrate. 

Transparent electrodes are formed by using elec- 
trode material such as I TO (indium tin oxide). 

As shown in Fig. 1 A, an alignment film 13a for align- 
ing liquid crystal molecules vertical to the substrate 
plane was formed over the surface of the substrate 11a, 
covering the electrodes 12a. This alignment film 13a 
was formed by spin coating vertical alignment type 
polimide (Nissan Chemical Industries, Ltd. RN-722) to 
a thickness of about 500 angstroms, and thereafter by 
drying it for about 1 hour at 1 80 °C. Other alignment film 
materials for aligning liquid crystal molecules vertical to 
the substrate plane may be used. For example, vertical 
alignment agent containing basic chrome complex may 
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be used. 

As shown in Fig. 1 B, another alignment film 1 3b for 
giving liquid crystal molecules a predetermined pre-tilt 
and an easy direction was formed over the substrate 
1 1 b, covering the electrodes 1 2b. A photosensitive high s 
polymer film was used as the alignment film 1 3b and the 
alignment process was performed through a light illumi- 
nation method. 

This light illumination method will be described with 
relerence to Figs. 2A to 2D. The substrate shown in io 
Figs. 2A to 2D shows only one pixel area of the whole 
substrate. 

A photosensitive high polymer film is made of poly- 
mer material which changes some structure upon appli- 
cation of light, and a so-called polarized light storage is 
film is one kind of the photosensitive high polymer film. 
One type of the film aligns liquid crystal molecules in the 
direction perpendicular to the polarization direction of 
absorbed light, and the other type aligns liquid crystal 
molecules in the direction parallel to the polarization di- 20 
rection of absorbed light. Either of them may be used. 
In this embodiment, a polyvinyl cinnamate film was used 
which aligns liquid crystal molecules in the direction per- 
pendiculartothe polarization direction of absorbed light. 

As shown in Fig. 2A, polyvinyl cinnamate solution 25 
dissolved with mixed solvent of monochlorobenzene 
and dichloromethane was spin coated with a spinner on 
the substrate 11b formed with the electrodes. The sub- 
strate was dried for 1 hour at about 100 9 C, and a pol- 
yvinyl cinnamate film (alignment film 13b) was formed 30 
to a thickness of about 100 nm. In the figures, an elec- 
trode is not shown. 

Polarized ultraviolet rays in the wavelength range 
of 250 nm to 330 nm were applied to the surface of the 
polyvinyl cinnamate film. 35 

As shown in Fig. 2A, the lateral direction of the sub- 
strate plane is an x-axis, the depth direction is a y-axis, 
and a substrate normal direction is a z-axis. Illumination 
light 20 polarized in the y-z plane was applied to the 
whole surface of the substrate for about 50 seconds 40 
from the +z-axis direction. The polyvinyl cinnamate film 
13b was provided with alignment property for aligning 
liquid crystal molecules in the x-axis direction. 

As shown in Fig. 2B, a half area of the surface of 
each pixel area of the polyvinyl cinnamate film 1 3b was *s 
shielded from tight by a photomask 22a. Illumination 
light 21 was applied to the surface of the alignment film 
toward the -x-axis direction obliquely at an incident an- 
gle of % the illumination light having a polarization di- 
rection perpendicular to the polarization direction of the so 
illumination light 20, i.e.. having the polarization direc- 
tion in the x-z plane. 

As shown in Fig. 2C, after the photomask 22a was 
removed, a photomask 22b was formed for shielding 
light to the area previously applied with ultraviolet rays, ss 
Illumination light-23 having the polarization direction in 
the x-z plane was applied to the alignment film toward 
the +x-axis opposite to the illumination light 21 obliquely 



at an incident angle of 9j. The photomask 22b was re- 
moved thereafter. The projected vectors onto the sub- 
strate plane of the optical axis vectors (vectors parallel 
to an optical axis and directing to the light propagation 
direction) of the illumination light 21 and 23 are different 
by 180 degrees. 

As shown in Fig. 2D, the right half area of one pixel 
area of the alignment film 13b applied with the illumina- 
tion light 20 and 21 was given a pre-tilt angle 6 which 
depends on the incident angle G| of the illumination light 
21 and the easy direction directing to the +x-axis direc- 
tion. The left half area applied with the illumination light 
20 and 23 was given a pre-tilt angle 6 which depends 
on the incident angle 6j of the illumination light 23 and 
the easy direction directing to the -x-axis direction. At 
each pixel area of the polyvinyl cinnamate film, two 
types of alignment areas having the easy directions dif- 
ferent by 180 degrees were formed. The relation of the 
obtained easy directions among pixels are not irregular, 
but the easy direction at corresponding alignment areas 
points the same direction for all pixels. 

In the following, the alignment area given a unidi- 
rectional easy direction is called a domain. 

As the alignment film 1 3b, instead of the photosen- 
sitive polymer film, a polyimide film, a PVA film, or a 
polypyrrole film may be used for the rubbing alignment 
process. In order to form two types of domains having 
easy directions different by 1 80 degrees in one pixel ar- 
ea, the alignment film is rubbed in one direction, with the 
half of each pixel area being covered with a resist mask 
or the like. After the resist mask is removed, another re- 
sist mask is formed to cover the other half area of each 
pixel area and the alignment film is rubbed in the direc- 
tion opposite to the previous one direction. 

Other alignment films and alignment control meth- 
ods may be used. For example, an alignment film and 
alignment control method may be used which gives a 
pre-tilt and makes directors of liquid crystal molecules 
generally parallel to the substrate plane (strictly speak- 
ing, making directors have tilted alignment near like par- 
allel alignment). An alignment control method may also 
be used which aligns liquid crystal molecules by a fringe 
electric field generated at a slit formed in the electrode 
of each pixel area. 

The alignment process by the light illumination 
method does not generate static electricity as in the 
case of rubbing the substrate surface. Therefore, this 
method is effective for a substrate formed with active 
elements which are likely to be broken by static electric- 
ity. 

As shown in Fig. 3A, the substrates 1 1 a and 1 1 b are 
bonded together with the alignment films facing each 
other at a gap of about 10 u,m to form a cell. Nematic 
liquid crystal material 30 (Merck Japan, ZLI-2293) heat- 
ed to an isotropic phase was injected into the cell 
through vacuum injection. Arrows in the alignment film 
13b in Fig. 3A indicate the easy directions. 

As shown in Fig. 3B, the liquid crystal cell is gradu- 
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ally cooled thereafter to change the liquid crystal mate- 
rial from the isotropic phase to the nematic phase. The 
liquid crystal material in the nematic phase may be in- 
jected, heated to change to the isotropic phase, and 
then cooled. 

The liquid crystal molecules 30 in the cell form the 
hybrid alignment structure because of the alignment 
properties of the upper and lower alignment films 13a 
and 1 3b. It was possible to form a liquid crystal cell hav- 
ing two types of domains with the easy directions of liq- 
uid crystal molecules being different by 180 degrees, at 
each pixel area defined by the upper and lower elec- 
trodes. 

Fig. 4 is a perspective view schematically showing 
the structure of a liquid crystal display of the first em- 
bodiment. As shown, polarizers 42a and 42b were dis- 
posed on both sides of a liquid crystal cell 41 , with their 
polarizing axes 45 and 46 being crossed at a right angle. 

Arrows 43a and 43b indicate two easy directions of 
liquid crystal molecules 40. An angle p between the ar- 
row 43a and the polarizing axis 44, 45 of each polarizer 
was set to about 45 degrees. With this arrangement, the 
maximum transmittance of the liquid crystal display can 
be maximized. 

Fig. 5A is a graph showing the electrooptical char- 
acteristics of a liquid crystal display of the first embodi- 
ment formed in the above-described manufacture meth- 
od. The abscissa represents a voltage applied across 
the upper and lower electrodes, and the ordinate repre- 
sents a transmittance measured at the front of the dis- 
play screen of the liquid crystal display. The transmit- 
tance ratio (contrast ratio) was about 9 assuming that 
the shadow state is at the minimum transmittance with 
an applied voltage of 0.6 volt and the highlight state is 
at the maximum transmittance with an applied voltage 
of 1 .8 volt. 

Fig. 5B is a graph showing the visual angle charac- 
teristics of the liquid crystal display of the first embodi- 
ment. The center of the graph corresponds to a certain 
position on the display screen of the liquid crystal dis- 
play, and the coordinates of a measurement point are 
represented by an azimuth angle (0° to 360°) and a po- 
lar angle (0° to 50°). Curves drawn in the graph are equi- 
contrast curves. A numeral at each curve indicates a 
contrast ratio (1 , 2, 4, 8). 

The up/down direction of this graph corresponds to 
the easy directions of liquid crystal molecules. As com- 
pared to a conventional hybrid alignment type liquid 
crystal display, the visual angle dependency of the hy- 
brid alignment type liquid crystal display of the first em- 
bodiment is small and there is no direction with a narrow 
visual angle. As compared to a conventional TN liquid 
crystal display, an area with no display reversal, partic- 
ularly in half tone representation, was broadened. A 
change in hue when viewed obliquely was reduced. 

Further, as compared to a conventional TN liquid 
crystal display, the hybrid alignment type liquid crystal 
display of the first embodiment features a fast response 



speed. 

Figs. 15A and 15B are cross sectional views of a 
liquid crystal cell of a hybrid alignment type liquid crystal 
display, illustrating the alignment state of liquid crystal 
s molecules 120 between substrates 121a and 121b with 
the display being turned on and off respectively. In this 
example, nematic liquid crystal molecules having a pos- 
itive dielectric anisotropy is used. In the on-state, i.e., in 
the state when an electric field E is applied to the liquid 
crystal cell, the tilt angle 9 ol a liquid crystal molecule at 
the center of the liquid crystal cell, i.e. : the angle be- 
tween the director of a liquid crystal molecule and the 
normal to the substrate plane, corresponds a difference 
between an angle 6 0 caused by initial (off-state) elastic 
deformation and an angle <j> caused by inductive defor- 
mation of an applied voltage. 

Fig. 1 6A is a graph showing a relationship between 
a voltage V applied to a usual TN type liquid crystal dis- 
play and a rise angle 0 U (angle between the director of 
an initial liquid crystal molecule and the director of a liq- 
uid crystal molecule with an applied voltage) of a liquid 
crystal molecule at the center of the liquid crystal cell. 
As shown in Fig. 1 6A, the rise angle 9^ of the liquid crys- 
tal molecule changes scarcely unless a voltage larger 
than a threshold voltage (Vo) is applied. 

Fig. 1 6B is a graph showing a relationship between 
a voltage V applied to a hybrid alignment type liquid 
crystal display and the rise angle 6 of a liquid crystal 
molecule at the center of the liquid crystal cell. As 
shown, there is the angle 0 O caused by elastic deforma- 
tion before the voltage is applied (off-state). Therefore, 
the angle 9 continuously changes as the applied voltage 
V increases without any particular threshold voltage. 
The hybrid alignment type liquid crystal display can 
therefore be switched to turn on and off at a very small 
applied voltage. 

The response speed (switching speed) of a liquid 
crystal display depends upon a response speed of liquid 
crystal molecules. As an electric field is applied between 
the upper and lower, substrates,^ torque is imparted to 
each liquid crystal molecule. As the torque becomes 
large, the response speed of the liquid crystal molecule 
becomes fast. The torque becomes maximum at an an- 
gle of 45° between the electric field and liquid crystal 
molecule, and becomes minimum at an angle of 90° or 
0°. All liquid crystal molecules of a TN type liquid crystal 
display are generally parallel to the substrate plane near 
at the threshold voltage throughout the whole depth be- 
tween the substrates, and the angle between the electric 
field and liquid crystal molecule is about 90°. In contrast, 
in the hybrid alignment type liquid crystal display, al- 
though the angle between the electric field and liquid 
crystal molecule near at the substrate surface is 0° or 
90°, the angle between the electric field and liquid crys- 
tal molecule at the center of the liquid crystal cell is near 
45°. Therefore, the torque imparted to the liquid crystal 
molecule at the center of the liquid crystal cell is large 
and the response speed of the liquid crystal molecule 
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becomes fast. Accordingly, as compared to a conven- 
tional TN type liquid crystal display, the response speed 
(switching speed) of the hybrid alignment type liquid 
crystal display can be made fast. 

As above, the hybrid alignment type liquid crystal 
display of the first embodiment has good visual angle 
characteristics and a fast response speed. 

In the first embodiment, two domains are formed in 
each pixel area and the alignment process is performed 
so that the easy directions of the two domains are dif- 
ferent by 180 degrees. There are a number of other 
alignment patterns with similar effects. Examples are 
shown in Figs. 6Ato6l. Each area surrounded by a solid 
line corresponds to one pixel area. A broken line indi- 
cates a boundary line of each domain in one pixel area. 
An arrow in each domain indicates a easy direction. The 
up/down direction in each figure coincides with the up/ 
down direction of a liquid crystal display screen. 

The alignment state of the first, embodiment corre- 
sponds to Fig. 6A. The pixel area is halved at the center 
line into upper and lower domains. The easy direction 
of each domain is different by 180 degrees, one easy 
direction being directed upward from the center line of 
the pixel area and the other easy direction being direct- 
ed downward from the center line. Other pixel areas are 
also subjected to similar alignment processes as shown 
in Fig. 6J. The whole area of the alignment film also has 
two easy directions. 

Conversely with Fig. 6A, the alignment process may 
be performed so that the alignment directions of liquid 
crystal molecules in two halved domains are directed 
from the upper and lower sides of the pixel area toward 
the center line of the pixel area. 

As shown in Figs. 6C and 6D ; the pixel area may 
be divided at a diagonal line into two domains. The pixel 
area may be divided into four domains as shown in Figs. 
6E and 6F and domains having easy directions different 
by 1 80 degrees are alternately disposed. The pixel area 
may be divided into domains larger than four domains. 
In any case, it is preferable that the total area of a plu- 
rality of domains in one pixel area having the easy di- 
rection along one direction is equal to the total area of 
a plurality of domains having the easy direction along 
the other direction different by 1 80 degrees from the one 
direction. 

In the above examples, two types of easy directions 
different by 180 degrees are formed. A larger number 
of easy directions may be formed in each pixel area. 
Three or more of domains and a plurality of alignment 
directions may be formed in each pixel area. For exam- 
ple, as shown in Figs. 6G or 6H, one pixel area may be 
divided at two center lines or at two diagonal lines into 
four equal domains and the alignment process is per- 
formed so that the alignment directions of adjacent two 
domains are made different by 90 degrees. As shown 
in Fig. 61, one pixel area may be divided into a larger 
number of domains and the easy direction is given ran- 
domly to each domain. 



Forming a larger number of easy directions is effec- 
tive for the case where the visual angle characteristics 
are given prominence more than the contrast ratio or for 
the case where achromatic color is desired relative to 

s color hue. In this case, the relationship between the 
easy direction of liquid crystal molecules and the optical 
directions of the polarizers cannot be specified unani- 
mously. Therefore, the positional relationship is properly 
selected which gives the maximum transmittance, 

10 Next, the second embodiment will be described with 
reference to Fig. 7 and Figs. 8A and 8B. The second 
embodiment shows an example of the structure of a hy- 
brid alignment type liquid crystal display which has a 
higher contrast ratio and two domains with the easy di- 

15 rections different by 180 degrees. 

The manufacture method for a liquid crystal cell is 
similar to the first embodiment excepting that the gap 
between substrates of the liquid crystal cell is set to 
about 8 (im. 

20 Fig, 7 is a perspective view showing the structure 
of a liquid crystal display of the second embodiment. 
The structure is substantially the same as that of the 
hybrid alignment type liquid crystal display of the first 
embodiment. The different point is an addition of a re- 

25 tardation plate 46 between a liquid crystal cell 41 and 
one polarizer 42a. This retardation plate 46 has a retar- 
dation value of 100 nm and a uniaxial positive birefrin- 
gence index. The retardation plate 46 was mounted so 
that the optical axis direction 47 of the uniaxial birefrin- 

30 gence index becomes parallel to the substrate plane 
and intersects at a right angle with the easy directions 
43a and 43b of the alignment films. 

Fig. 8A is a graph showing the relationship between 
the applied voltage and transmittance of the hybrid 

35 alignment type liquid crystal display of the second em- 
bodiment. The contrast ratio was 1 00 assuming that the 
shadow state is at the minimum transmittance with an 
applied voltage of 3.3 volt and the highlight state is at 
the maximum transmittance with an applied voltage of 

40 1.0 volt. — . - 

Fig. 8B is a graph showing the visual angle charac- 
teristics of the liquid crystal display of the second em- 
bodiment. This graph is similar to the graph described 
with Fig. 5B. It can be seen that the visual dependency 

45 is smaller than the liquid crystal display of the first em- 
bodiment. Similar to the first embodiment, the liquid 
crystal display of the second embodiment scarcely 
showed display reversal in half tone representation. 
As above, by using the retardation plate with the hy- 

50 brid alignment type liquid crystal display, the visual an- 
gle characteristics can be further improved and the con- 
trast ratio can be raised. 

Next, the third embodiment will be described. The 
structure of the liquid crystal display of the third embod- 

55 tment is substantially the same as that of the second 
embodiment shown in Fig. 7 excepting that a retardation 
plate 46 has a retardation value of 400 nm. 

Fig. 9A is a graph showing the relationship between 
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the applied voltage and transmittance of the hybrid 
alignment type liquid crystal display of the third embod- 
iment. As compared to the characteristics of the second 
embodiment shown in Fig. 8A, the relationship between 
the applied voltage value with the maximum transmit- s 
tance and the applied voltage value with the minimum 
transmittance becomes opposite. However, similar to 
the second embodiment, it was possible to set the con- 
trast ratio of the maximum transmittance to the minimum 
transmittance to 100. 

Fig. 9B is a graph showing the visual angle charac- 
teristics. As compared to the first embodiment, the vis- 
ual angle dependency was reduced, and the area with 
no display reversal in half tone representation was 
broadened. 

As above, addition of the retardation plate between 
the liquid crystal cell and one polarizer of the hybrid 
alignment type liquid crystal display allows to obtain a 
high contrast. Although the applied voltage value at the 
maximum or minimum transmittance changes with the 
retardation value, such a high contrast can be obtained 
by properly selecting the applied voltages at the high- 
light state and shadow state even if the retardation value 
is different. 

Similar effects may be expected even if a plurality 
of retardation plates with a uniaxial positive birefrin- 
gence index are used. In this case, the retardation val- 
ues of a plurality of retardation plates may be the same 
or different. Adjustment of wavelength dependence be- 
comes easy, and color hue can be made near achro- 
matic color. A change in color hue as viewed obliquely 
can be reduced. It is advantageous if the optical axes of 
a plurality of retardation plates are shifted. The position 
of each retardation plate may be above or under the liq- 
uid crystal cell so long as it is placed between the liquid 
crystal cell and one polarizer. 

The fourth embodiment will be described with ref- 
erence to Figs. 10 and Figs. 11 A and 11B. The manu- 
facture method for a liquid crystal cell 41 is the same as 
the first embodiment. . - 

Fig. 10 is a perspective view showing the structure 
of a hybrid alignment type liquid crystal display of the 
fourth embodiment. The feature of the fourth embodi- 
ment reside in two types of retardation plates 48 and 49 
mounted between the liquid crystal cell 41 and opposite 
polarizers 42a and 42b. The other structures are similar 
to the first embodiment shown in Fig. 4. 

The retardation plate 48 has a retardation value of 
100 nm and a uniaxial positive birefringence index. The 
optical axis 50 of the uniaxial positive birefringence in- 
dex is parallel to the substrate plane and intersects at a 
right angle with the easy directions 43a and 43b. 

The other retardation plate 49 has a retardation val- 
ue of 600 nm and a uniaxial negative birefringence in- 
dex. The optical axis 51 of the uniaxial negative birefrin- 
gence index is directed to the normal to the substrate 
plane. 

Fig. 11 A is a graph showing the relationship be- 



tween the applied voltage and transmittance of the hy- 
brid alignment type liquid crystal display of the fourth 
embodiment. The contrast ratio was about 100 assum- 
ing that the shadow state is at the minimum transmit- 
tance with an applied voltage of 3.3 volt and the highlight 
state is at the maximum transmittance with an applied 
voltage of 1 .0 volt. This contrast ratio was the same val- 
ue as the second and third embodiment. 

Fig. 11 B is a graph showing the visual angle char- 
acteristics of the hybrid alignment type liquid crystal dis- 
play of the fourth embodiment. As compared to the liquid 
crystal display of the first to third embodiments, it can 
be seen that the visual dependency is further improved. 

The retardation plate with the positive birefringence 
index is effective for improving mainly the contrast, 
whereas the retardation plate with the negative birefrin- 
gence index is effective for improving mainly the visual 
angle. Therefore, by using both the retardation plates, 
it is possible to obtain a hybrid alignment type liquid crys- 
tal display with a high contrast and better visual angle 
characteristics. 

The retardation value of the retardation plate with a 
positive birefringence index is determined by the applied 
voltage for the shadow representation, whereas the re- 
tardation value of the retardation plate with a negative 
birefringence index is properly selected to have the 
broadest visual angle. 

Also in the fourth embodiment, there is no display 
reversal in half. tone representation as in the case of a 
conventional TN type liquid crystal display 

Fig. 1 2 is a perspective view showing the structure 
of a hybrid alignment type liquid crystal display of the 
fifth embodiment. Polarizers 42a and 42b are mounted 
on opposite sides of a liquid crystal cell 41 and a retar- 
dation plate 52 is mounted between the liquid crystal cell 
41 and the polarizer 42a. The other structures are sim- 
ilar to the first embodiment. 

The retardation plate 52 has biaxial refractive index 
anisotropy. By representing the axis in the direction ver- 
tical to the substrate plane by~a z-axis, the axis with a 
larger main refractive index among two axes intersect- 
ing at a right angle and parallel to the substrate plane 
by an x-axis : and the other axis with a smaller main re- 
fractive index by a y-axis, the retardation plate 52 is 
mounted so that easy directions 43a and 43b intersect 
with the x-axis at a right angle. 

As shown in the left side of the retardation plate 52 
in Fig. 1 2, the main refractive indices n x , n y and n 2 in the 
x-, y- and z-axes satisfy the relationship of i\ > n y > n z . 

The effects of this retardation plate 52 are expected 
to be similar to the fourth embodiment using a combina- 
tion of the retardation plate having the uniaxial positive 
birefringence index and the optical axis parallel to the 
substrate plane and the retardation plate having the 
uniaxial negative birefringence index and the optical ax- 
is directed to the substrate normal direction. Similar to 
the fourth embodiment, with the structure of the liquid 
crystal display of the fifth embodiment, it is expected to 
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have good visual angle characteristics and a high con- 
trast. 

In the hybrid alignment type liquid crystal display of 
the second to fifth embodiments, a retardation plate hav- 
ing a uniaxial birefringence index or having biaxial bire- 5 
fringence index is mounted. An optical axis of the retar- 
dation plate having a uniaxial birefringence index is in 
the substrate in-plane. In this case, it is preferable from 
the viewpoint of optical compensation that the retarda- 
tion plate is mounted so as to make the easy direction 
of the alignment film intersect at a right angle with the 
optical axis ol the retardation plate. Two main axes 
among three main axes of the biaxial birefringence in- 
dex are parallel to the substrate plane. The other main 
axis is vertical to the substrate plane. In this case, it is 
preferable from the view point of optical compensation 
that one of the two main axes parallel to the substrate 
plane is perpendicular to the easy axis of the liquid crys- 
tal molecules. 

If there are only two types of domains with the easy 
directions of the alignment films being different by 180 
degrees, it is possible to intersect almost all easy direc- 
tions at a right angle with the optical axis or the like of 
the retardation plate in the in-plane of the substrate. 
However, if a plurality of easy directions imparted to liq- 
uid crystal molecules have a relationship other than 180 
degrees, e.g., 90 degrees, or if a plurality of alignment 
directions are contained in each pixel area, the above 
intersection state is difficult to be maintained for all do- 
mains. 

Therefore, in the second to fifth embodiments, in or- 
der to manufacture a hybrid alignment type liquid crystal 
display with the maximum optical compensation effects 
of the retardation plate and a small visual angle depend- 
ency, it may be preferable that two types of domains with 
the easy directions being different by 180 degrees in 
each pixel area are formed and only two types of easy 
directions are formed in the whole substrate. 

As described so far, a faster response speed can 
: be obtained by using a hybrid alignment type liquid crys- 
tal display without any particular threshold voltage in- 
stead of using a conventional TN type liquid crystal dis- 
play. 

If a plurality of domains having different easy direc- 
tions are formed for each pixel area, the visual angle 
dependency can be reduced and display reversal in half 
tone representation can be suppressed. 

A higher transmittance can be obtained by setting 
the polarizing axes of the polarizers sandwiching the liq- 
uid crystal cell at an angle of about 45 degrees relative 
to the easy directions of liquid crystal molecules. 

A high contrast and a small visual angle dependen- 
cy can be obtained by mounting a retardation plate hav- 
ing a uniaxial positive birefringence index and the optical 
axis in the in-plane of the substrate, between the liquid 
crystal cell and polarizer It becomes more effective if 
the optical axis direction of the retardation plate in the 
in-plane of the substrate is made to intersect with the 



easy directions of the alignment films. The visual angle 
dependency can be further reduced by mounting a re- 
tardation plate with a uniaxial positive birefringence in- 
dex and a retardation plate with a uniaxial negative bi- 
refringence index, on opposite sides of the liquid crystal 
ceil. 

The present invention has been described in con- 
nection with the preferred embodiments. The invention 
is not limited only to the above embodiments. It is ap- 
parent to those skilled in the art that various modifica- 
tions, improvements, combinations and the like can be 
made. 



is Claims 

1. A liquid crystal display comprising: 

a pair of substrates disposed parallel and hav- 
20 jng a gap therebetween; 

a liquid crystal layer sandwiched between said 
pair of substrates and containing liquid crystal 
molecules; 

electrodes respectively formed on surfaces fac- 
25 jng each other of said pair of substrates for ap- 

plying an electric field to said liquid crystal layer 
for each pixel; 

a first alignment film formed on the surface of 
one of said pair of substrates and covering one 
30 electrodes, said first alignment film aligning the 

liquid crystal molecules in the direction gener- 
ally vertical to the substrate plane; and 
a second alignment film formed on the surface 
of the other of said pair of substrates and cov- 
35 ering the other electrodes, said second align- 

ment film aligning the liquid crystal molecules 
in the direction generally parallel to the sub- 
strate plane and giving a pre-tilt to the liquid 
crystal molecules, an area corresponding to 
40 each pixel on said second alignment film being 

divided into a plurality of domains each having 
a single easy direction, and at least two do- 
mains in the pixel area having different easy di- 
rections. 

45 

2. A liquid crystal display according to claim 1 , wherein 
the easy directions of said two domains are different 
by 180 degrees, and the liquid crystal display further 
comprises a pair of polarizers disposed outside of 

50 said pair of substrates, the polarizing axes of said 
pair of polarizers intersecting at a right angle and 
the angle between each of the easy directions of 
said two domains and the polarizing axes of each 
polarizer is near 45 degrees. 

ss 

3. A liquid crystal display according to claim 2, wherein 
each pixel defined by said electrodes is divided into 
two domains having the same area. 
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4. A liquid crystal display according to claim 2, further 
comprising one or more retardation plates disposed 
between said pair of substrates and at least one of 
said polarizers adjacent to the pair of substrates. 

5 

5. A liquid crystal display according to claim 3, further 
comprising one or more retardation plates disposed 
between said pair of substrates and at least one of 
said polarizers adjacent to the pair of substrates. 



70 



6. A liquid crystal display according to claim 4, wherein 
said retardation plate has a uniaxial positive bire- 
fringence index and an optical axis in the substrate 
in-plane. 



15 



7. A liquid crystal display according to claim 6, wherein 
the optical axis of said retardation plate having the 
uniaxial positive birefringence index intersects at a 
right angle with the easy direction of the liquid crys- 
tal molecules. 20 

8. A liquid crystal display according to claim 4, further 
comprising a retardation plate having a uniaxial 
negative birefringence index between said pair of 
substrates and at least one of said polarizers adja- 25 
cent to said pair of substrates. 

9. A liquid crystal display according to claim 4, wherein 
said retardation plate has a biaxial refractive index, 
two main axes among three main axes of said re- 30 
tardation plate are parallel to the substrate plane, 

the other main axis is vertical to the substrate plane, 
and a main refractive index in the normal direction 
of the substrate plane is smaller than the other re- 
fractive indices. 35 

10. A liquid crystal display according to claim 9, wherein 
one of said two main axes is perpendicular to the 
easy axis of the liquid crystal molecules, and the 

_. main refractive index associated with said one main 40 
axis is larger than the main refractive index associ- 
ated with the other main axis of said two main axes. 

1 1 . A liquid crystal display according to claim 1 , wherein 
said second alignment film is a photosensitive pol- 45 
ymerfilm. 
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FIG. 8A 
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FIG. 9A 
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